REMARKS 



Claims 1-13 and 16-40 were examined and reported in the Office Action. Claims 
1-13 and 16-40 are rejected. Claims 1-7, 9-10, 12-13, 16, 19, 22-23, 27, 29, 31-32, 34-37 and 
40 are amended. Claims 1-13 and 16-40 remain. 

Applicant requests reconsideration of the application in view of the following remarks. 

L In the Drawings 

Applicant has added new Figures 19-21. Figure 19 illustrates a prism dispersion 
means. Figure 20 illustrates diffraction grating dispersion means. Applicant's original 
specification discloses dispersion means on page 5, lines 5-6. Applicant lists examples of 
the dispersion means on page 16, lines 2-8. In particular, the fluorescence light beams 
exiting the capillaries C, which are collimated, may be directly transmitted to one or 
more intermediate prisms or else to a diffraction grating in order to spatially separate 
the various wavelengths emitted and to separate them on an array of photodetectors. 
Applicant notes that the original specification disclosed the features illustrated in new 
figures 19 and 20. Applicant also notes that the features added to figures 19 and 20 are 
limitations in the claims not previously illustrated. Applicant notes that the 
amendments to the drawings only helps in understanding the claimed subject matter. 

Figure 21 illustrates means for applying pressure in the form of a pump. 
Applicant's original specification discloses the means for applying pressure on page 5, 
lines 2-4, In addition, Applicant's original specification discloses an example of such 
means on page 11, lines 31-34. In particular, Applicant's original specification discloses 
"the separating matrix (a gel or other material) is injected into the capillaries by means 
of a pump which allows pressure to be applied in the detection cuvette." Applicant 
notes that the location of the supply of the separating matrix in the cuvette is of no 
importance. The separating matrix can be filled anywhere in the cuvette. Additionally, 
it is well known in the art of electrophoresis to connect the detection cuvette with 
means for applying pressure. Applicant also notes that the feature added to figure 21 is 
a limitation in the claims not previously illustrated. Applicant notes that the 
amendment to the drawings only helps in understanding the claimed subject matter. 
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Applicant encloses six documents which illustrate means for applying pressure, 
such as pumps that are used to apply pressure in the separating medium asknown in 
the art. 

Therefore, no new matter is added. Approval is respectfully requested. 

II. 35 U.S.C. S112. First Paragraph 

It is asserted in the Office Action that claims 9, 10, 31 and 32 are rejected under 35 
U.S.C. §112, first paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and/or use the invention. Applicant has 
added new figures 19-21 to assist in understanding the claimed subject matter and 
asserts above that the claimed limitations are originally disclosed in the specification 
well enough for one of ordinary skill in the art to be able to make and or use the 
claimed invention. Regarding the new figures, the figures illustrate the location of the 
dispersion means and also the means for applying pressure (i.e., pump P). These 
features are disclosed and are added to original figure 2 to assist in understanding the 
claimed invention. 

Accordingly, withdrawal of the 35 U.S.C. §112, first paragraph rejections for 
claims 9, 10, 31 and 32 are respectfully requested. 

III. 35 U.S.C, §112. Second Paragraph 

It is asserted in the Office Action that claims 1-13 and 16-40 are rejected under 35 
U.S.C. §112, second paragraph, as being indefinite for failing to particularly point out 
and distinctly claim the subject matter which Applicant regards as the invention. 
Applicant has amended the claims to overcome the 35 U.S.C. §112, second paragraph 
rejections. 

Accordingly, withdrawal of the 35 U.S.C. §112, second paragraph rejections for 
claims 1-13 and 16-40 are respectfully requested. 
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IV. 



Claims Not Rejected Over Prior Art 



Applicant notes that claims 1-13 and 16-40 are amended to overcome the 35 
U.S.C. § 112, first and second paragraph rejections and are not rejected over prior art. 
Applicant presumes the arguments and amendments presented in the response mailed 
July 24,2003 overcame the prior art rejections as the Office action made no specific 
mention. 

Applicant respectfully asserts that claims 1-13 and 16-40, as it now stands, are 
allowable for the reasons given above. 
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greatly simplified if LPA were available tn powdered 
form. Such a ponder could be runty handled, with a 
practically unlimited shelf life. 

Commercially available powdered LPA was initially 
examined but found to be unsatisfactory as a solution 
for DNA sequencing [13]. The polymer was typically con- 
taminated with impurities from the production process 
that reduced the eiectrophoreiic separation or dimin- 
ished the fluorescence detection of the sequencing reac- 
tion products. These effects were found to occur with 
polymer molecular mass Standards as well, which, in 
addition, are very expensive. Moreover, at times, a signif- 
icantly reduced lifetime for the capillary coating was ob- 
served. Indeed, most researchers, using LPA, freshly pre- 
pare their own matrix by solution polymerisation. How- 
ever, problems with reproducibility of the polymeriza- 
tion have been reported, and the resulting polymers 
have not been accurately characterized. 

In this paper, we introduce an alternative procedure for 
preparing high molecular mass LPA in powdered form, 
namely inverse emulsion polymerization (14). In this 
method, a highly concentrated aqueous solution of aery I- 
amide is dispersed in an oil phase fl5, 16). The polymeri- 
zation occurs in small water/monomer droplets, which 
act as micro-batch reactors. In contrast to polymeriza- 
tion in. aqueous solution, the water /oil emulsion has low 
viscosity and good heal transfer, which allows the use of 
a highly concentrated monomer solution for the poly- 
merization. The high concentration of monomer in the 
water droplela leads to a high molecular mass polymer. 
The procedure allows the preparation of large amounts 
of LPA as a white powder with the desired properties for 
separation of DNA sequencing reaction products. In this 
wort, the polymers are characterized by size exclusion 
chromatography (SEC) and viscometry. In addition, pro- 
cedures to prepare and handle solutions mede trom high 
molecular mu> LPA are described. The successful appli- 
cation of these solutions to high performance DJNA 
sequencing by CE is demonstrated. 



2 Materials and methods 

2.1 Chemicals and reagents 

AeryUmide, urea, ammonium peroxodisulfate (APDS) 
and TEMED were ujtrapure grade from ICN Biomedi- 
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a 40% w/w solution of acrylamide was dispersed in a 
. solution of 2.4% SPAN SO in petroleum special to a 
volume ratio of 1:1. Dispersion . was performed by an 
overhead stirrer with a propeller blade at 500 rpm. 
APDS and TEMED were used to catalyze the reaction, 
both at a final concentration of 0.005% w/v. To remove 
oxygen, the entire dispersion was purged continually 
with nitrogen, and then the polymerization reaction was. 
performed at 35"C for 16 h. Polyacrylamide was obtained 
by precipitating the emulsion with acetone under 
vigorous stirring. The precipitate was washed several 
limes with acetone on a Buecbner funnel, and residual 
solvent was removed under oil-pump vacuum on a 
rotary evaporator, lb prepare LPA matrix solutions for 
DNA sequencing, the dry polymer, dejuturant (usually 
urea), bu/Ter concentrate, and water were added to the 
desired concentrations in a glass Jar and then slowly 
stirred with a magnetic bar. The solutions were usually 
completely homogenized overnight and ready Tor use. 

2-J Characterization of LPA. 

SEC was peformed with an HPLC pump (BischofT, Leon- 
berg, Germany) equipped with an analytical pump head. 
Samples were injected with a Rheodyne valve (All tech, 
Deerfietd, IL). The polymer powder was dissolved at 
0.1% w/w concentration in 0.1 M sodium sulfate. After 
dilution to 0.025% w/w in elutlon buffer, the samples 
were passed through a 5 um filter prior to injection. A 
Shodex KB 806 (300 X 7.8 mm) column with an exclu- 
sion limit of 20 MDa was used for characterization of 
the high molecular mass LPa samples. Similar results 
were obtained with an TJltrabydrogel 2000 column 
CWaters, Milford, MA); results not shown). The eluem, 
O.I m sodium sulfate, was maintained at a flow rote of 
0.5 mL/min. The Injection volume was 25 uL and detec- 
tion was performed at 214 nm with a Waters UV 
detector. The viscosity of solutions containing 2% w/w 
LPA made by emulsion polymerization were deter- 
mined in a BrooJtlield Viscometer model "LVOV 
(Stoughton, MA). Por polymer characterization, the vis- 
cometer was equipped with a small sample adapter, and 
a spin del type 25/13R was used fur the measurement at 
a rate of 6 rpm, resulting in a shear rate of 132/g. For 
the studies on the influence of shear forces on polymer 
molecular mass distribution, variable shear rates up to 
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li- 40/ s were applied. The viscosities were measured at 251 _ 
caJs (Costa Mesa, CA). The Span 80 omubifier and petro- T The ume required for the replacement of LPA matrix 
leum special with a boiliDg range from 180-220'C were I solution from a capillary at a given pressure was dete 

mined using an in-house design. A 45 cm long, 100 um 
ID capillary filled with 2% w/w LPA solution, containing 
TTE buffer (50 m.M Tris, 50 mM TAPS, and 2 m.M EDTA) 
and 7 m urea, was connected to one meter, 1/1 6* OD 
PEEK tubing filled with the same LP A solution. The 
tubing served as a reservoir with a fresh polymer solu- 
tion. To malce the replacement visible, the LPA solution 
in the capillary was stained, with Coomassie Blue. A 
nitrogen gas tank equipped with a regular manifold was 
connected to the other tip of the PEEK, tubing, and var- 
ious pressures were applied to the LPA solution at room 
temperature. The replacement process was monitored 
using a Spectra 100 variable wavelength detector (Ther- 
moQucsl. Mountain View, CA). 



purchased from Fluka Chemicals (Bucha. Switzerland). 
Polyacrylamide molecular mass standards were obtained 
from American Polymer Standards (Mentor. OH). Dye 
Primer Cycle Sequencing Ready Reaction Kit with (-21) 
universal dye primer set (Cat. No. 40213S) was from Per- 
kin-Elmer/Applied Biosyslenu Division (Foster City, 
CA), and M13mpl8 ssDNA from New England Bio lab g 
(Beverly, MA). 

2.2 Polymerization of acrylamitle and preparation of the 
LPA matrix solution 

The polymerization was performed according to a pro- 
tocol [15J with slight variations. In a Pyrex reaction flaslt, 
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eased data rate is only 16 384 data points per second 
(1 022 data positions X 4 colors X 4.006337 Hz). A rotation 
speed of 4 reWs was chosen to ensure that alt the DNA 
f ragmenls passing through the 20 urn long detection rone 
of the capillary are interrogated, 

2.1.5 Signal to noise optimization 

Rotary scanning enables rapid and smooth beam motion 
that is essential for high-speed interrogation of a large 
number of capillaries. The consequence of these condi- 
tions, for the limiting signal-to-noise ratio can be consid- 
ered with reference to theories of fluorescence detection 
optimization [27). In our application, the detection zone of 
the 340 mW (8.5 x 1 0 17 photons per second) laser beam 
Is approximately a 20 x 20 um area and the transit time of 
the 20 urn beam past a pixel is -16 us at a scan rate of 
4 Hz. For fluorescein this gives a dimenslonless excitation 
intensity [k) of -0.3 and a dimenslonless iransit time (r) of 
-0.1 based on a photodestruclion quantum yield or 2.7 x 
1 0 -6 (27]. These parameters are better than those used 
for our linear scanners (K» -0.006. x = -13) and are dose 
to the optimum for laser-excited fluorescence detection 
[27]. This results In near-optimal Interrogation of ail 
o( the analytes illuminated by the beam. Furthermore, 
the velocity Of an -300 base sequencing fragment is 
-100 unvs; the 4 H2 data acquisition rate therefore inter- 
rogates -80% of the fragments in atypical elecirophoretic 
band. The width at half-height for a 300 base band Is 
-4 s, which leads to 16 data points over We half-width. 
Fragments of smaller size will be somewhat under-sam- 
pled while larger fragments will be oversampled. Never- 
theless, the effective duty cycle of this high-speed scan- 
ning system is within a factor of two of that available in 
continuous illumination and CCD imaging detection [24- 
26J and the photophysical properties are near optimal. 
The limits of detection of this system were determined by 
flowing lluorescein at varying concentrations through the 
capillaries, scanning at 2 Hz with 600 mW of laser power 
and a flowing fluorescein solution, we find that the differ- 
ence signal (510-530 nm) between 10 pu fluorescein and 
water can be observed with a signaMo-nolse ratio of 2. 
We determined the optimum laser power by observing flu- 
orescence from a capillary filled with 1 n* fluorescein sol-, 
ution in i x TBE and Increasing the laser power until the 
signal reaches a plateau. At these power levels (typically 
-300 mW) there is no degradation of signal in a stationary 
fluorescein solution when scanned at 2-4 Hz. This indi- 
cates that at thesB rotation velocities, the illumination time 
is below the photodestruction time and that the signal Is 
limited by ground state depletion and the number of fluo- 
rescent molecules present. Diffusion between scans 
replaces molecules as fast as they are destroyed. 
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2.2 Capillaries, sieving matrix and samples 

The (used-sifica capillaries (50 cm long, 75 urn IQ^O 
180 urn OD) were obtained precoated with acryJamjdpi 
from Porymicro Technologies (Phoenix, AZ) courtesy ol.V T ;£ 
Molecular Dynamics, These capillaries had been surface* *al;3 
treated using a Grignafd reaction and coated with Mfr'^^ 
acrylamide according to the procedure described by DoKv ^ 
nfk ef a/. [26], The capillaries were cut and bundled irtdv^'il 
groups of 32 as described above. The windows in thV^Vjj 
capillaries were burned 8,1 cm (rem the anodic end usfn^j&v 
hot concentrated sulfuric aoid. We used a replaceable Bttftfjgj 
ear polyacrylamlde (LPA) sieving matrix prepared acco^^ 
tng to the procedure of Camlho ef at. [13] with slight moc&£&^ 
fications. A 6% solution of acrylamide in 10 mL of watiaV^y 
was degassed under helium for hah* an hour tol lowed Tiy.i'e? 
addition of 5 ut. of 10% TEME0 (Bio-Rad. Hercules, C^V-^ 
and 10 ut of 10% APS (ammonium persulfate; Blo-Pi££j) 
at 0°C. The polymerization was allowed, to proceed," f^&| 
24 h at 0°C The polymerized gel was diluted to a firgf^g 
concentration of 3% in 7 M urea and 50 rnu Trie. 50 mM jfeff^ 
iris(lvdra^memyl)methyl-3-arrtnopropane«utfonio ar^;Jg£ 
(TAPS) and 2 mu EDTA buffer. DNA sequencing aejnprs^&i 
were synthesized using Ml3mp18 single-stranded te^j^ 
plates, cyanine donor energy transfer (ET) primers l^sflvjj 
and Thermo Sequenase (Amersham Life Science. Cieve^g 
land. OH) following the Sanger dtdeoxy method [3fJJ. Fourfe| 
DNA sequencing reactions were set up, one for each dy&*;£§ 
ddNTP pair. C10RHO, C10Q, C10T and C10R primers^^, 
were used to label reactions terminated with ddCTP m ;;Sj;j 
ddTTP. ddOTP and ddATP, respectively. For each reaci ^ 
lion. 1 ui- of the pre-mix from the Thermo Sequenase M'4$p 
was mixed with 0.4 pmol of the primer and 04 ug or ' ttlB ^5| 
template ONA. Twenty cycles (95°C for 45 s, 45°C for v ^ 
30 s and 70°C for 45 s) were performed, followed by ethat- .^g 
nol precipitation. The precipitated DNA was dissolved *W-ygg 
4 pJ_ of 70% deionized formamide for loading.. ■ 



2.3 Sieving matrix loading 

The capillaries are filled with replaceable LPA by loading 
the matrix Into the well (Fig. 2 K) and forcing it into tho 
capillaries with He gas under pressure. The well is filled 
with replaceable sieving matrix using a syringe. The 
upper and lower lucite plates are bolted together and the 
J trough is pressurized to fill the capillaries. The unit has 
*^bean pressure-tested to withstand 1000 psi. In the expert 
ments performed here, the capillaries were filled with 3% 
LPA at -400 psi in 10 min. After filling the capillaries with 
matrix, the lower pressure chamber Is unbolted and low- 
ered and two half-wells containing running buffer and 
electrodes are bolted to the upper adaptor plate (Fig. 
2H). The porymer-flOed capillaries' are prselectrophor- 
esed for 10 min at 100 Wcm. Our elecirophoretic separa- 
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}':.'.':* jaries to provide rapid and efficient excitation and detec- 
lion Qf theHuoroscently labeled fragments within the cyfin- 
' ^-artcsl capillary array. 

v: ^ Materials and methods 

;. "iristrumenlation 

P* otaf y ca P il,ar y arra y scanner 

presents an overview of the four-color rotary 
.: CAE scanner. The four-color eonlocal detection system in 
"•'ibe dppefpart or this figure is the same as (fiat used in 
^ our* planar CAE system [20J. The 488 nm ergon ion laser 
".Reflation beam is deflected downward into the scanner 
.heady th a djehroio beam spiiner. A 45 e diagonaJ mirror 
'. fcpated In the central roror of the scanner head directs the 
Jj^am horizontally to an objective that focuses the beam 
S^the capillaries. Over one thousand capillaries are held 
$ grooves on the outside of two -4" diameter cylinders, 
"ease of- mounting, the capillaries are grouped Into 
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Javrei;. Schematic representation of the 1000 capillary 
scanner and the lour-color confocal fluorescence 
system. 



Rotary capillary array electrophoresis scanner 1509 

bundles, each containing 32 capillaries. Fluorescence 
from the capillaries is collected by the objective and 
passed to the four-color confoc&l detection system. This 
layout permits facile detection of fluorescence from 1000 
capillaries with a single compact scanner. 

Figure 2 presents a photograph of ona quadrant of the 
scanner head with capillary bundles In the first and fourth 
positions (A). A microscope objective (E) (ft 9 mm, NA 




Figure 2. Photograph ol one quadrant of the rotary scan- 
ner With the high-prossure reservoir detached. (A) CepD- 
lary bundles In the first and fourth group positions of the 
quadrant (B) upper and lower grooved cylinders; (C) sup- 
ports thai connect the two cylinders; (D) U-shaped delrin 
blocks that retain the capillaries; (EJ objective attached lo 
the central rotor; (f) PEEK fitting screwed into the hlgh- 
prassure adaptor plate (H); (G) boiling plates for the 2nd 
and 4th quadrants; (I) centraJ shaft attaching the motor 
(M) to the central rotor, (J) bolts that secure the inner pan 
of the high pressure reservoir to the adaptor plate (H); (K) 
the inner well for loading the matrix and the O-rings that 
seal the adaptor plate; (L) high pressure Lucile block. 
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masttcharg. ratio which normally hinaar. nudafc 

be sepsralefl In free solution. However, more devetop- 

mennsTecessary « achieve *e hi 9 h resolute* neees- 

sary tor DNA sequencing. 

3.2 System oven/Tew and description 
Based on the above-mentioned considerations, we have 
assembled a fufly automated, stand-alone multicapUlary 
"iChcresis prototype that Is capable of automate^ 
Sn 9 up »o 40 microliter plates without hum^mer- 
venlion. The self-contained, fully enclosed system w<lh 
interlocks for ihe laser and the high voltage povver supply 
Lure a maximum of safety. The devce .s 'J™»Jliid 
Tor high throughput DMA analysis in a robust and routine 
way but can De adapted for other applications as well. 
Here, w* 0>e a detailed description of the main parts of 
the system. 

3.2.1 Detection area 

A sketch of the system, discussed in detail in the following 
section, is shown in Rg. 3. The capillary army census 
* 96 capillaries of 58 cm (ength, with the detection win- 
dows at a distance ot38 cm rrom ihe injection end In the 
window area, the capillaries are fixed ,n md^duaJ U- 
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shape grooves (0.4 mm «n'de. 0.5 mm deep, separated by 
0.1 mm thick walls) over a length o! 2 cm. The ^gmoves 
are engraved in aluminum blocks ("capillary holder), 
each block wvlth 16 grooves. The six blocks are alined on 
a base plate and covered by a thin metal frame. The cen- . 
,ra. s 5 t in the frame gives access to Vie 
Thus the whole array of capillaries is subdrvlded intos* 
arrays of 16. which can be replaced MM*«*. Th* 
seems to be a good compromise, as it will hardly be nec- 
essary to change all capillaries aitne same lime. On the 
other nand, changing individual capillaries might be diffi- 
cult 

3.2-2 Infection area and autosampler 

From the detection window towards the Injection end. the 
capillaries spread out into the 12 x 8 Iwc^me^onal 
array of a standard microliter plate. They are contamed in 
an isolated compartment, which can be iherme stated by 
air circulation up to 60'C. Through the last Tew renlfrne- 
ter* up to one cm from the end, the capillaries are guided 
by peek tubing and isolated from the platinum electrodes 
which are fixed about 1 mm apart and parallel to the capil- 
lary. All Inlet electrodes are connected to common 
ground. Both capillaries and peek tubing, together with 
S£ electrodes, are held by a base plate, which liseff .s 



Figure 3. Scheme of 
the automated mulllcapll- 
lary electrophoresis 
device. The capUJary 
(Ca) array consists of 96 
capillaries, subdivided 
Into six arrays of 16. in 
the window area, they 
are fixed in the capillary 
holder (H) in individual 
U-shaped grooves. The 
fighl from an argon-ion 
laser (La) Is guided 
through an optical fiber 
IF!) to the line generator 
(prj, which spreads out 
the colli mated light in 
one dimension . and 
shines a thin line with a 



uni ,orm i„, e ns it y pro- — ,ne who, ^^.2^^^ 

lr an»ni»ion gratino (SO. A th,«J lens ^j 3 "'. ™*£ br0U9nI to ,he iniecllon area by a transport unrt. 

micrortter plates confining KM sample are M I .n attacte SO ano g ^ ^ ^ ^ ms h , g „ vo e 

.he ^amber is pressurised whn air (Pr. pressurize* a,r suppW- 
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